Question 3: [8 Marks] 

Consider the following DTL NAND gate. Assume V BE (FA) = 0.7V, V BE (SAT ) = 0.8V, V C e(J>AT ) = 0.2V, V D (ON ) = 0.7V, 
P F = 50, R d = 6Kfl, R b =R c = lKH, p= 0.3, V cc = 5V. Find the following, 

a) VTC (sketch) 

b) The input low value of current 1^. 

c) The output low value of current I 0 l- 

d) The maximum fan-out 

e) The average power dissipation 
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7.9 For the standard TTL NAND gate of Figure P7.6, 
calculate the following: 

(a) the input low current I JL 

(b) the output low current I OI . 

(c) the maximum fan-out = N = I ol /Iil , g e rower oration caeuwons 

(d) the average power dissipation 
Use /3, = 70, jS K = 0.05, V BR (FA) = 0.7 V, V BE (SAT) 

= 0.75 V, Vbc(RA) = 0.7 V, and V CR (SAT) = 0.15 V. 

Use (Tq = 0.8 for the output low state. 
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load gates (output high state) 
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7.12 For the "special" TTL inverter of Figure P7.12, let 
jS F = 100, V bf (FA) = 0.7 V, V be (SAT) = 0.8 V, and 
V cn (SAT) = 0.1 V. Obtain the following: 

(a) Sketch the VTC. 

(b) Determine the average power dissipation. 

Vcc = 5V 

O 


















g 

3: 

J& 

?tj 

» 


Mi 

p 


d 

'VI, 

is 












T ; 











( 


-3 

£> 

r < 

cS 





s, 


A) 


iS 

c£ 

.i 2 ; 

<r 







/ 





\ 







V, 



> 

G 


—» 

S 

V 


























Va 

& 


-4j> 


2>^ 

A 

V 


^ / 

'S 

u 

s^\ 

ftl 




1 















3 








y 



‘G 

jE 


4 










> Rcp<lk^ 







r v 











R B < 4k£i 



^-j;5 

,(J 

/iA 


( 

i) 

§ - 

rs 

F 

r A 

s 

A 


b 

> C 























V|N ° ' Q, 

1/ 




irf-> 


* 

^{n 

p,; 

!> 7 

A 










Q s 

V 

V OUT 






■ j u 












N 




O' 

iM 


^ 

G 

)„ 

YS 

, < 










Qo 

K 







V” 











\ 

Jr-Fi. 





T 

■Zcr 



-1 

L -c ■ 

5 je 














Kef 


r 


h r- 









S ^ 


Bi 


U 

c, 













w / 



i / 














Is 

, i> 

_ 

T c 

Al 


• f 

f -t 

A 

o 

u 

,x 











/ 


i 


r A 

- A 


j - 1 - 
























? CA 


.— 1 


? - 

: < 

? - 

o i 

■—■ 










































M 

CXr' 

-L- 

& 

R - 

•n/- 


Cf 

-X 

)- 

■M 

ftp 

If 

■a" 

) - 

1 




o 

















V 


u 


o»- 










t«V 



















J, 


4 

T 

V 


y. 

? x~ 


0 


\h 



o 

"ft 

/= Cl 

-ft J 


X 

I, 

& *1 



- c 













P 



y i 

PC 








n 



Al 



/ 














r — 

\ 

/ 


VI 

5c( 

A 

0- 

-V, 


.F/ 




< 

r- 

0- 

4£ 


»•? 





-2 

> 

L4 

A 

ii 

V 

A /V 










X t 

>/> 

Cl 


O 


K ... 



4K 

4- 

r <5> C 

p C 

/•<? 





















T 




























S ~ 

s 

r ( 

1- 

-/£ 

L' 

) 7 

Vi 

~ G 


to 


’ 1 

\. 

n^r 

VC 

3. 

.1 



VC 

-G 

> 

■) 


<7 

> 4 

A 

V 

vA 

l\ 




m J 


/ 

f K 


/ 

r~ 



- 

























T, 

3 * 


1 

F, 






























S- Cy i 

r 



r 






























\J fi 

e, ,<s 


V 

>rr- 


I 

J 


■rv 

> — 


If. 

yS 

/■< 

~o 

^ s 



-K 

X 

2 


A 

. N»v 

i — 



{o'? 

7 4 

V* 

'(p. 




- v 








\ 




/ 























Cj 


A 

V 


< 


6 

\ 0 

( 

■f 

X 

) 




C 


JS 

•c. 



/* 

b> 

£4 

& 



















\ 









— 

/ 















t ft 



( 



5 


D 



J 

} 0 





















\ 4~ 

































\ 

J&b 

of, 


\ 

7c. 


a 


± 

)- 

A 

Jy- 

>e, 

n( 

v/ 

0 = 

\ 























i 







i j 



















r 

} . 


















w 

0 L 



c 

> .■ 

4 ■ 

V o 

9- ’ 

a 


o- 

it 

v 























































































\ 

Vu 

6 


G 

? T 

c < 

> 

dz J 


( 


5 

Cje 

c?£ 

X 

c 


n 

0 


-.) 























A 










































































































































































































































































































































:5- C 

s 0. 
‘ th 

rstic 

ons 
7 V, 
e.fo 

■a] 

■ ■ w 

- C) 

n 2 

der 

‘fir; 

lov 

:( 
i c 

the 
= 9 
dng 
>ket( 
>Ici 
^alci 

foll( 

o/P 

:htl 

jlat( 

ilate 

17 

Dwir 

/? = 

le V 
5 the 
the 

Mar 

^gT 

0.0 

TC. 

ma 

ave 

ks] 

TL 

S,* 

xim 

rag 

in vc 

o = 

um 

e pc 

5rter 

0.8 

fan- 

>wer 

As 

for 

■out 

dis 

sum 

the 

sipa 

e.Vi 

OUtf 

tion 

•A 

iff 

)Ut 

VAj 

A).- 

OW! 

i' r » i; 

-Vi 

state 

1 

, c (/?i4) = 0.7V, 

, R b = 40 Kn, R 

I_7 

V be (SAT ) = 0.1 
C = 20KH, R d : 

V c 

g Rb J 

-R- lx 

3V, V cg (S>lT) = 0.2 
= 12tm, R CP = 501 

c 

> Rc 

iv,v d ( 0N) = 
an, v cc - 8v. Do 

X Rcp 



—f\ 

(A 
















Qp 

-4 Dp ■'■»• 



; 

\ 

//>4 

4 * 













h 

Qs 

Y 



















R 

Tr 

1 / 

\ 

th 


V 


' A.1 

























V 

_u-O 

VoUT 


6 

T 

|'< 

J 

td 

- 


u 

& 

& 

& 

c 

>/? 

7 



Q. 



w- 



Qo 







; / 











4 Dc d' : 



P < 

£ 

f 

»„ 

/f 

^7 


£ 

br 1 







h 

>Rd 



r 


— ^ 

/ 













\ 


4 r 

V 

s/c 

r. 

-N 


’■ w( 

*A 

A 

A 


(e 

a 

) 










M 




/» 








• ' i ■. • '. 









- e 


^ - 

■e> 

■Y- 


/* 

4' 

V 




















V 

f 








































V 

(L 

<B 





































































V 

VI 

\5 

\-w 

-c. 



J 

c 

'W 

r,i} 

( 

A 

Q 



LO> 


-C 

X 

'A 





























z> 
























\ 

7\i 


_ 

A 

)e£ 

A' 

Y/ 

n 


A 

/ c 

z 

a 


o 



G 

r 

Lj 

-C 

>.*2 


«- 

- c 

J 

r 
















































































\ 

/fi 

3 2 






































\ 

A 

r 

W-4 

at 


5LA 

CA 

5 

v>' 


n\ 


31 

o 

V 

><2- 

C.C 

) W\ 

e.< 


c 

A 



































( ' 
















V 

r R 


> 

V? 

dE 

n 

’ F 

4) 

- \ 

^ 

J % 



f 7 

0 

A 

fa 

V X 

c 

Sr 


) 
















1 u 










°y 






























/J 

,G 

Ct 

A 


V 

ce 

A 


tC 



T 



A 


c. 

i - 

— 

( 

2 

. V 









































V 

3g 





































/ 

A 


A 


A 

voi : 

t 

t 

"L>v 

">VL 

-A 7 

G) 



























— \ 

J 

J 
































-p 

c. 

_ 

X 





\ 

J 


A 

~A 

) 

































je 

-D 




























































\ 

'o 

R 



V 

AC 



X/i 


& 



V e 

p 

Cf 

/}) 


V. 

dC< 

•> /\ 

f) 
















O 





































m 


A 




X f; 


d 



-AL. 


\ 

t 

fs 

S 

A 

4) 


V 

DC 

on 

A 

1 





















p 

TA 



































-x - 

i—> 



























— 


£ 



/ 

4- 



3 1C 


(d 

>.i 

0 


CD 

? 



A 

% 4 

4" 

s\ 

1 


















tr 



\ 7 



























































% 

J i 

IH 


? 

V 


? f 

1/VC 


3-A. 


.<4 

Q > 


-\\ 

0 


J& 

A 

9g 

u 

£>r 

’ XD 

Vv/\£ 

^ X- 

, ,* 

>4 


;)Y 



l 



















£■ >■ 



u 


Ag 































































































































































































































































A 'A 


cV 

p 

. G 

>T^ 

eiy 

res 


\cS 

v^s 

Ci. 


1 

a 

V 

-e 

i 

V«- 5 V- 

0 

1 

1 

i 

V i- R a .< 120 Q 

:i 3 C UtiJ Rc^ 1.6 idl 

V ' 










\ 












,* 


'fc-C 

■fc 

■ej 


— f 




O 

UC 

fee 

>Cc 

& 

£ 

^Or 






« 

\ 






\ 
















1 


£e 



a 

& 



n <n 


: r. 


^1*7 

" 7 f 


» 

-CM 

D - 




j 




^r<£ 

<2 

r 

r iY 


1& 

i!s» 

ro7 

Ca i» 


oG° 


r 

crJ[* 


—1/ 




| 

t 


2- <s= 


l/ 7 ^ 

*4 


£ 

* 4 , 

3^2) 

rv 


Suci' 



=> 


5^-7 £ 

% 




• 

Qp 

s <. 

j 

i v 

!—3^ 

1 

Y- 




V 



V> 4 ] 




H/l 



At 

, 1 


u 





\ 

A_ 


.-1 

c 

L 

io 

>L 

l 



Oi 

Di 

Jtp 

cur 

od 

ou 

Ut 

rer 

e lc 
tpu 

nv< 

it s< 

vel 

t 

?rt 

OUl 

sh 

ng 

xin 

ifti 

Bj' 

g! 

n g 

r,( 

Hill 

bol 

>Utj 

-dc 

■we 

>ut 

)WI 

en 

<5 

loi 

i 

V c 

w c 

c a 

riv 

nd 

cr 1 

: or 


\ 

» 

_> 

j 0; 

/- 

s 

' 1 

P $ 

•v\ 

D t 

1 

1 b 
























j \ -- 


a 

n> 

pc 

JXj 

a 

fe 

Of 

*?r 

50 T 

c?n 

^ £ 


o\- 

"A( 

pr 

05 1 

<lp 




^ca A £x i - ' 



\ - 















dh 





, 

i K, ^ i ifl ! 

< ! 















































! J 1 

{ f j 

























i 
































" 





7.12 ror the specia 
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Pi. = 100 , V BI :(rA) = 0 ./ V, V BE (bAIj = O.o V, and 
V cn (SAT) = 0.1 V. Obtain the following: 

(a) Sketch the VTC. 

(b) Determine the average power dissipation. 

Vrc = 5 V 
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